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在 NMR 波谱领域已经得到了比较充分的应用，其中使用较多的重建算法是基于 l1 范数
小化的基追踪算法，为进一步改进重建效果，本文提出了两种基于近似 l0 范数 小化的压
缩传感重建算法，主要成果如下： 
一、介绍了一种基于近似 l0 范数 小化并可用于谱图重建的压缩传感重建算法，名为
“平滑 l0 范数 小化法”(Smoothed l0 norm minimization，SL0)，从理论层面分析了该算法
的优势和不足，指出了该算法不能协调噪声大小与重建精度之间的关系，从而在噪声条件
下不能准确的重建原始信号，重建图像往往带有较多的噪点等缺点。 
二、针对 SL0 对采样噪声鲁棒性较差的缺点进行了改进，提出了“迭代重复加权 l0






三、针对 RSL0 存在的丢失原信号细节的问题进行了进一步的改进，使用分段 lp 范数
来近似 l0 范数，从根源上解决 l0 范数的跳变问题，进而提出了抗噪性能更强，信号重建效
果更精确的“分段近似平滑 l0 范数 小化法”(Segmented smoothed l0 norm minimization，
SSL0)。 
 































The problem of long sampling time often limits many applications of the multidimensional 
NMR spectroscopy in chemistry and molecular biology. A common approach is to replace the 
Nyquist sampling with random non-uniform sampling (NUS). However, NUS is associated with 
inherent loss of spectrum quality. Now Compressed Sensing (CS) theory provides a good 
solution. A suitable CS reconstruction algorithm can be employed to obtain high-quality spectra 
from a few NUS data. The CS reconstruction algorithms have been used in NMR Spectroscopy, 
and the most popular one is “Basis Pursuit”(BP) based on l1 minimization. In this paper, two CS 
reconstruction algorithms were proposed which can provide much better performance than 
traditional BP algorithm. The main achievements are as follows: 
A CS reconstruction algorithm named “Smoothed l0 norm minimization” (SL0) which is 
based on approximate l0 norm minimization can be used in multi-dimensional NMR spectral 
reconstruction. The merit and demerit of the algorithm is analyzed theoretically and this 
algorithm can’t balance the demands between noise suppression and signal reconstruction 
accuracy, the reconstructed signal always accompanied by noise. 
 Some modifications are made to SL0 to improve its poor robustness to noise. The 
modified edition was named as “Re-weighted smoothed l0 norm minimization”(RSL0). The 
“Iterative re-weighted technology” was used to remove the noise in the reconstruction procedure. 
The simulation experiments in 1D real number field and 2D NMR Spectroscope show that 
RSL0 can improve the robustness to noise significantly and it can also obtain a precise 
reconstruction signal with less sampling times. But there is inevitable disadvantages using The 
“Iterative re-weighted technology”, as it could remove some useful peak with small amplitude 
as well as the noise, so the reconstructed signal may lose some details. 
As the RSL0 method may lose some details of original signal, a more precise algorithm 
called “Segmented smoothed l0 norm minimization”(SSL0) was proposed. SSL0 replace the 
gauss function approximation with segmented lp norm function approximation.  
In this thesis, a novel method was proposed to filter the bias factors in metabolomics study, 
which can effectively reduce the complex in subsequent multivariable analysis and statistics, 
thus result in the more detailed and significant metabolic information. 
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定义 1（稀疏信号） 如果有信号 Ns R∈ 通过(1.1)式的线性表示只需要不大于 K 个基
向量{ } , {1, 2, ..., },i i N Kψ ∈Ω Ω ⊂ Ω ≤ ；或者说变换向量 x中 多有 K个非零项{ 0}i ix ∈Ω≠ 。
则称该信号在Ψ 域为 K-稀疏信号。 









, , 1, 2,...,k ky s k Mθ=< > =                   (1.2) 
其中，s为原始信号， ky 为采样点， kθ 为采样向量。在传统的奈奎斯特采样模式下，
不论采样向量如何选择，采样次数都必须满足 M=N，例如当 kθ 取脉冲函数时， ky 则对应
为图像的像素点， kθ 取正弦波时， ky 为核磁共振图像中傅里叶稀疏采样点。但是，当 M<<N
时，即从原始信号 s获取少量的观测值 y，再通过 y来精确重建 s，这是一个解欠定方程组
问题，也是压缩传感研究的重点问题。这里我们假设欠采样过程可表示为： 
     y s= Θ                            (1.3) 
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